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5 Model Implementation

5.1 Bacl -ound

Groundwater flow models have been used at the 100 K, 100 D, and 100 H Areas (DOE/RL-96-84,
Remedial Design Report and Remedial Action Work Plan for the 100-HR-3 and 100-KR-4 Groundwater
Operable Units’ Interim Action) to support design of pump-and-treat interim remedies and to evaluate the
performance of the pump-and-treat systems. These groundwater flow mod  were ¢ structed to
simulate patterns of groundwater flow and other hydraulic features local to each. rable unit (OU) and,
as such, the domains of these models were of limited spatial extent. As modeling needs increased over
time, efforts were undertaken to develop a groundwater model that unified the simulations for all 100
Area groundwater operable units. The expansion of the model domain over time to encompass the 100
Area OUs occurred in several phases, as follows:

¢ First, because the size and influence of the 100 Area groundwater pump-and-treat remedies at
100-K, 100-D and 100-H increased over time, a single, two-dimensional groundwater flow
model was developed that encompassed the 100-K, 100-N, 100-D, and 100-H Areas (DOE/RL-
2006-75, Supplement to the 100-HR-3 and 100-KR-4 Remedial Design Report and Remedial
Action Workplan for the expansion of the 100-KR-4 Pump and Treat System). At this time, there
were no proposed or actual remedial activities at 100-B/C or 100-F that required model
simulation of those areas.

e Second, pump-and-treat remedial process optimization (RPO) efforts led by CHPRC during
Calendar Years 2008 and 2009 in 100-HR-3 and 100-KR-4 required contaminant transport
simulations to develop projections of hexavalent chrome distributions and evaluate plume
migration patterns and attainment of river protection and aquifer cleanup goals. For that purpose
the two-dimensional groundwater flow model was coupled with a contaminant transport model
(SGW-46279, Conceptual Framework and Numerical Implementation of the 100 Areuas
Groundwater Flow and Transport Model, Rev. 0). The results of these RPO modeling  orts in
100-HR-3 are described in SGW-40044 (/00-HR-3 Remedial Process Optimization Modeling
Technical Memorandum.) The Integrated 100 Area Remedial Investigation/Feasibility Study
Work Plan RL-200 5, Integrated 100 Area Remedial Inves * 1tion/Feasibility Study
Work Plan Draft A) described the strategy developed for making final decisions to complete
cleanup along the River Corridor. A series of addenda to the work plan outlined the goals and
strategy data collection and analyses for 1100 Area OU + develop the remedial
investigation/feasibility (RI/FS) studies.

e Third, as data became available indicating that a three-dimensional (3D) model would be more
suitable for representing the partial penetration of many pumped and monitoring wells, and
vertical differences in contaminant distribution, the two-dimensional (2D) (i.e., single model
layer) model was expanded to 3D, comprising four (4) model layers. The later extents of the
model continued to encompass only 100-K, 100-N, 100-D and 100-H Areas.

e Finally, to meet the RI/FS needs for each 100 Area OU, this 3D groundwater model was
expanded to encompass 100-B/C and 100-F - i.e., now encompassing all 100 Area OUs -
simulating groundwater flow as three-dimensional to explicitly represent the Hanford formation
and Ringold Unit E Formation that comprise the unconfined aquifer across the 100 Areas.

As a result, the current 100 Area Groundwater Model (100AGWM) simulates saturated aquifer conditions
and contaminant transport in 100-B/C, 100-K, 100-D, 100-H, 100-N and 100-F Areas.
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5.2.2 Descriptions
5.2.2.1  MODFLOW (Controlled Calculation Software)

o Software Title: MODFLOW-2000 (Harbaugh et al. 2000: Open File Report 00-92, MODFLOW-
2000, the US. Geological Survey Modular Ground-water model -- User Guide to Modularization
Concepts and the Ground- Water Flow); solves transient groundwater flow equations using the
finite-difference discretization technique,

e Software Version: Version 1.19.01 modified by S.S. Papadopulos and Associates, Inc. (SSP&A)
to ac¢ ess dry cell issues and to add more capab ties; approved as CHPRC Build 0004 using
executable 1 T ':-mst-0004dp (compiled to default double precision for real variables).

¢ Hanford Information Systems Inventory (HISI) Identification Number: 2517 (Safety Software,
graded Level C).

e  Workstation type and property number (from which software is run):

o S.S. Papadopulos and Assoc, Inc, FE363.

5.2.2.2 MT3DMS (Controlled Calculation Software)

e Software Title: MT3DMS (Zheng and Wang 1999), MT3DMS: A Modular Three-dimensional
Multispecies Transport Model for Simulation of Advection, Dispersion, and Chemical Reactions
of Contaminants in Groundwater Systems; Documentation and User's Guide); MT3DMS V5.3
Supplemental User’s Guide [Zheng 2010])

¢ Software Version: Version 5.3 modified by S.S. Papadopulos and Associates, Inc. (SSP&A) for
minimum saturated thickness; approved as CHPRC Build 0004 using executable mt3d-mst-
0004dp (compiled to default double precision for real variables).

e HISI Identification Number: 2518 (Safety Software, graded Level C).

e Workstation type and property number (from which software is run):

o S.S. Papadopulos and Assoc, Inc, FE363.

5.2.3 Software Installation and Checkout

Safety Software (CHPRC Build 0004 of MODFLOW-2000-SSPA) is checked out in accordance with
procedures specified in CHPRC-00258 Rev 2. Executables are obtained from the CHPRC software
owner who maintains the config ~ ion managed copies in MKS Integrity™, installation tests identified
in CHPRC-00259 Rev 1 performed and successful installation confirmed, and Software Installation and
Checkout Forms are required and must be approved for installations used to perform model runs.
Approved Users are regist  d in HISI for safety s ware.

1.1.1  Statement of Valid Softv e Ap; cation

o The software identified above was used consistent with intended use for CHPRC as identified in
CHPRC-00257 Rev 1 and is a valid use of this software for the problem addressed in this
application.

¢ The software was used within its limitations as identified in CHPRC-00257 Rev 1.

5.24 Support Software

Support software and single-purpose software was used to manage and develop datasets to be used by the
model as well as pre- and post-process model input/output files. A complete list and brief description of
the support software used for these purposes is listed in Table 5-1 . Software with a trademark designation
is commercial software. Software listed without a trademark has been developed internally and the
resulting calculation products were approved through quality assurance and technical review. Electronic
copies of all utilities are included in the 100AGW model archive in the Environmental Mode!
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8 Contaminant Transport Modeling

This section describes the contaminant transport features that can be simulated using the current version
of the 100AGWM, and the general procedures used to assign parameter values describing transport
characteristics for contaminants of concern in the 100 Areas. Detailed, application-specific, explanations
of contaminant transport properties (parameters) and simulations will be provided in application-specific
Environmental Calculation Briefs (ECFs) when the l0OAGWM is em; yed. Steady-state and/or
transient transport simulations are based upon the groundwater flow fields calculated by the groundwater
flow component of the l00AGWM. Simulation of the transport of contaminants is accomplished using a
version of the multi-species reactive transport simulator MT3DMS, modified specifically for use at the
Hanford Site.

The 100AGWM was originally developed to simulate groundwater flow and the advective, non-
dispersive, non-reactive movement of water and contamin s in order to estimate the likely extent of
hydraulic containment and ultimately capture developed by groundwater pump-and-treat remedies. As the
development of remedy alternatives progressed, however, it became necessary to siir  ate the fate of
contaminants — commencing with hexavalent chromium, and later incorporating all contaminants of
concern — using mass conservative methods. These capabilities were required in order to enable
simulations of:

e Concentrations over time at point locations (for example, corresponding to wells) and integrated
over broad areas (for example, plumes), and other quantities such as plume asses and volumes,
over time.

e Influent concentrations at pumped wells.

e Mixing (i.e., “blended” or combined influent) and treatment of the contaminants by existing
and/or proposed above-ground treatment systems.

e Transformations and reactions that some contaminants undergo in-situ, either under natural or
anthropogenic conditions — for example, to evaluate the kely impact and effectiveness of in-situ
bio-degradation as a remedy component.

Although the subsurface migration of most contaminants at the Hanford site is dominated by advection -
that is, the movement of dissolved contaminants in the subsurface with, and in the general direction of,
groundwater flow - contaminants do undergo processes of dispersion, adsorption-desorption,

transfo  tions — such as radioactive decay — and rate-limited degradation in the presence of suitable
catalysts. Indeed, studies by PNNL (PNNL-17674, Geochemical Characterization of Chromate

Cont.  nation in the 100 Area Vadose Zone at the Hanford Site) suggest that although advection is the
primary transport mechanism, contaminant transport cannot be adequately simulated with advection alone
since advection only effectively simulates the highly mobile mass that is already dissolved in the actively
moving groundwater. Contaminants undergo reactions, and contaminant mass can also be held in
heterogeneous parts of the aquifer of low hydraulic conductivity or disconnected pore spaces. This
immobile mass constitutes a continuing source of contaminants to the mobile domain, facilitated by mass
transfer between these mobile and immobile domains.

Based on these observations, and on previous simulations conducted at Hanford, the following features of
the transport of co:  minants in the 100 Areas were considered in simulations us 1 the 100AGWM;
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